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In the present study, the distribution of extrahypothalamic vasopressin (VP) and oxytocin (OXT) in the human brain was investigated by means of immunocytochemistry. In the septum verum, few VP fibers were found in the nucleus septalis lateralis and medialis (NSL and NSM) , and in the bed nucleus of the anterior commissure. Very few VP and OXT fibers were present in the amygdala and in the hippocampus, mainly around the rostral tip of the lateral ventricle on the level of the pes hippocampi. The locus coeruleus (LC) contained dense networks of VP fibers and, although to a lesser extent, OXT fibers over its entire rostrocaudal extension. VP-immunoreactive neurons were present in the bed nucleus of the stria terminalis in a number of subjects, while no OXT ceils were found in this structure. Thus, the VP innervation of limbic structures in the human brain, in particular of the NSL, was found to be clearly less pronounced than in the rat brain. The VP innervation of the LC, by contrast, was denser in the human brain than in the rat brain. No sex differences were found in the VP innervation of the human brain. These findings stress the need for caution in extrapolation of data concerning peptidergic innervation of the rat brain towards the human brain.
Vasopressin (VP)-synthesizing neurons have been found in the paraventricular nucleus (PVN), supraoptic nucleus (SON) and in the suprachiasmatic nucleus (SCN) of the rat 19. Only in the PVN and SON, neurons are found which produce oxytocin (OXT). A similar localization was found in the human brain 7'9'2°. Additional VP neurons were found in the bed nucleus of the stria terminalis (BST), the dorsomedial hypothalamic nucleus (DMH), locus coeruleus (LC) and amygdala of rats that were pretreated with colchicine 4,21. Such cell bodies have not yet been described in the human brain.
VP and OXT neurons of the SON and PVN project as neurosecretory neurons to the neurohypophysis, where VP and OXT are released into the circulation.
Immunocytochemical studies in rats ha,;,e shown that VP-and OXT-containing fibers are also present outside the hypothalamo-neurohypophyseal system, where VP and OXT are probably released as neurotransmitters from synaptic terminals (for a review see ref.
3). VP and OXT fibers were also demonstrated in the human brainstem and spinal cord 17, while their presence was observed already by 17 weeks of gestation in the medulla oblongata and septum 18. Also by means of radioimmunoassay (RIA), VP has been detected in a number of areas in the human brain 13,16.
These extensive VP and OXT fiber projections are considered to be the anatomical substrate for the effects of these neuropeptides on the central nervous system. VP has been proposed to be involved for example in temperature regulation 5 and in learning and memory (e.g. ref.
2), while OXT has been reported to impair memory processes 8 and to elicit maternal behaviour 14.
Recently, we found changes in the VP-containing neurons in aging and Alzheimer's disease that differed with the brain area studied: VP cells in the SON and PVN showed signs of increased activity in senescence and in Alzheimer's disease 9,m, while total cell numbers remained stable in these areas 11. However, in the human SCN a loss of VP cells was found in senescence and even more so in Alzheimer's disease 2°. A differential pattern of age-related changes was also observed in the VP innervation of the rat brain. 
